Objective: The aim of the present study was to investigate if context-specific measures of parental-reported physical activity and sedentary behaviour are associated with objectively measured physical activity and sedentary time in children. Design: Cross-sectional study. Setting: Seven European countries taking part in the IDEFICS (Identification and Prevention of Dietary-and Lifestyle-induced Health Effects in Children and Infants) study. Subjects: Data were analysed from 2-9-year-old children (n 5982) who provided both parental-reported and accelerometer-derived physical activity/sedentary behaviour measures. Parents reported their children's daily screen-time, weekly sports participation and daily outdoor playtime by means of the Outdoor Playtime Checklist (OPC) and Outdoor Playtime Recall Questions (OPRQ). Results: Sports participation, OPC-and OPRQ-derived outdoor play were positively associated with accelerometer-derived physical activity. Television viewing and computer use were positively associated with accelerometer-derived sedentary time. All parental-reported measures that were significantly associated with accelerometer outcomes explained only a minor part of the variance in accelerometer-derived physical activity or sedentary time. Conclusions: Parental-reported measures of physical activity and sedentary behaviour are not useful as a proxy for 2-9-year-old children's physical activity and sedentary time. Findings do not preclude the use of context-specific measures but imply that conclusions should be limited to the context-specific behaviours that are actually measured. Depending on the aim of the study, future research should carefully consider the choice of measurements, including the use of subjective or objective measures of the behaviour of interest or a combination of both.
Accelerometry is a commonly used method to objectively assess children's daily PA and sedentary time with proven validity and reliability (1) . Despite the known advantages of accelerometers, they have some shortcomings that can be addressed by using survey instruments such as a questionnaire. First, accelerometers are not able to provide contextual information about children's PA and SB. They do not provide information on the type of PA (e.g. structured v. unstructured) or SB (e.g. television (TV) viewing, computer use, painting) and the setting in which it was performed (e.g. at school or at home). Furthermore, the use of accelerometry is not always feasible in large-scale population-based studies and depending on the outcome of interest (e.g. rank ordering of children), might unnecessarily impose more participant and researcher burden and imply unnecessarily higher costs (2) . Questionnaires are survey instruments extensively used to assess PA and SB across all ages, also in children younger than 12 years old where the assessment must rely on a proxy reporter such as a parent/legal guardian or a teacher. Despite the advantage of questionnaires to provide contextual information about PA and SB, they are hardly ever used for these purposes in children. Instead, context-specific measures of parental-reported PA or SB are mostly used as a substitute for the time children spend being physically active or sedentary. For example, parental-reported outdoor play is a context-specific survey measure used as a proxy for children's PA (3, 4) while screen-time behaviour is used as a surrogate for an overall sedentary lifestyle (5, 6) . However, there is a current lack of evidence demonstrating that context-specific survey measures of PA and SB are representative for children's overall PA and sedentary time.
In the IDEFICS (Identification and Prevention of Dietary and Lifestyle induced Health Effects in Children and Infants) study, a multi-centre European project aiming at the prevention of childhood obesity in 2-9-year-olds, accelerometer-derived and context-specific parentalreported PA (i.e. outdoor play and sports participation) and SB (i.e. TV viewing and computer use) were assessed in parallel. This provided a unique opportunity to address the above explained gap in the literature and allowed us to investigate: (i) if children's parental-reported outdoor play and sports participation are associated with children's daily accelerometer-derived PA; and (ii) if parentalreported TV viewing and computer use are associated with children's daily accelerometer-derived sedentary time in 2-9-year-old children.
Methods

Participants
The children included in the present study are all participants from the baseline survey of the IDEFICS project (www.idefics.eu), a European cohort study to investigate the aetiology of diet-and lifestyle-related diseases and disorders in children and to develop and evaluate a primary prevention programme focusing on childhood obesity. A population-based sample of 16 225 children aged 2-9 years was recruited in eight different European countries (Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain and Sweden).
In total, 31 543 children aged 2-9 years were contacted and 16 864 of them gave their consent and participated in the baseline survey (53 % of those invited). The completion of the parental questionnaire and the measurement of height and weight were required to be valid for inclusion in the IDEFICS database and were met by 16 225 children (96 % of those who consented). A more detailed description of the IDEFICS study population is given by Ahrens et al. (7) . Because of budgetary and feasibility reasons, a random sub-sample of children who consented to participate in the IDEFICS study was selected to wear an accelerometer to objectively measure their PA and sedentary time (n 9184; 54 % of those who consented). To be eligible for inclusion in the analyses of the present paper, children had to provide valid accelerometer data (n 6202; 68 % of the sub-sample) and at least one measure of parentalreported PA or SB. This resulted in a final sample of 5982 children (65 % of the initial sub-sample). The mean age of this sample was 6·08 (SD 1·78) years and boys (50·5 %) and girls were equally represented.
Written informed consent was obtained from the child's parent or legal guardian in the participating schools. All participating countries were granted ethical approval for the study by their respective ethical committees.
Procedure
All data were collected simultaneously in all centres between September 2007 and June 2008. Standard operating procedures were available in a central survey manual to standardize data collection across countries (8) .
A parental questionnaire, previously tested for its comprehensibility, length, structure and acceptance by the parents (8) , was used to assess sociodemographic data and parental-reported measures of children's PA and SB. Parents were requested to complete the questionnaire at home or during the examinations.
Children's PA and sedentary time were objectively measured by means of accelerometry. Children of parents who consented for their child to wear the accelerometer were asked to wear the accelerometer for at least three days, including one weekend day. Consistent with previous studies (9) , the accelerometer was worn at the right hip with an adjustable elastic band. Parents were asked to have their child wear the accelerometer at all times during the day and to remove it only when performing waterbased activities or activities for which the accelerometer would expose them to risk for injury. Parents were also asked to remove the monitor at night and to reattach it as soon as the child got up in the morning. Children wore the accelerometer regardless of the day the parents completed the questionnaire.
Measurements
Parental questionnaire: sociodemographic information Parental socio-economic status (SES) and children's sex and age were reported by one of the parents (or legal guardians). SES was estimated on the basis of the highest education of both parents, which was classified according to the International Standard Classification of Education (ISCED; http://www.unesco.org/education/information/ nfsunesco/doc/isced_1997.htm). For descriptive purposes, the highest parental education of both parents was coded as low (ISCED Levels 1 and 2; ≤9 years of education), medium (ISCED Levels 3 and 4) and high (ISCED Levels 5 and 6; ≥2 years of education after high school) SES.
Parental questionnaire: physical activity The parental questionnaire included three context-specific measures of PA: two separate measures of outdoor play and one measure of sports participation. In prior observational studies, time spent outdoors was correlated with children's PA (10) . In the present study, assessment of time playing outdoors was based on the Outdoor Playtime Checklist (OPC) and the Outdoor Playtime Recall Questions (OPRQ) -two instruments previously developed for this purpose and tested by Burdette et al. (11) . The OPC (two closed-ended questions) assesses daily time usually spent in outdoor play in two different locations: (i) outdoor play in the yard or street around the house; and (ii) outdoor play in the park, playground or outdoor recreation. For both questions, five response categories were given separately for three different periods of the day: (i) wake-up time until noon; (ii) noon until 6 pm; and (iii) 6 pm until bedtime. Response categories were converted using the same scoring system as Burdette et al. (11) : 0 min = 0, 1-15 min = 1, 16-30 min = 2, 31-60 min = 3 and >60 min = 4. Summing the responses across both questions resulted in a score ranging from 0 to 24. The difference between the questions used in the present study and in the study of Burdette et al. (11) is that the present study asked parents once about the time their child usually spends outdoors, while the original procedure for the OPC from Burdette et al. (11) is to have it completed by the parents on two weekdays and one weekend day, coinciding with the days on which the accelerometer is worn. Burdette et al. reported a positive association between OPC-derived outdoor play and accelerometer-derived PA (r = 0·33; P < 0·001) (11) . The OPRQ (two open-ended questions) assessed the time children played outdoors during the past month. Parents were asked to recall how many hours and minutes (as a continuous variable) their child plays outdoors during a typical weekday and weekend day separately. The final outdoor play measure in min/d was calculated as follows: [(outdoor play weekday × 5) + (outdoor play weekend day × 2)]/7. OPRQ-derived outdoor play was found to be positively associated with accelerometerderived PA (r = 0·20; P = 0·003) in the study of Burdette et al. (11) . The OPRQ has also been used in Upstate KIDS, an Infant Development Screening Program in New York State to track growth and development from children aged 24 months onwards (12) . The third context-specific measure of PA assessed how many hours and minutes a child spends in a sports club during an average week (as a continuous variable). Responses were converted into minutes and divided by seven to obtain a measure of children's daily sports participation (min/d).
All PA questions were included in a pilot study testing reproducibility of the parental questionnaire (n 421). Test-retest reliability was shown to be good for sports participation (intra-class correlation (ICC) = 0·78) but was found to be poor for the OPC (ICC = 0·35, 0·45) and the OPRQ (ICC = 0·46, 0·47).
Parental questionnaire: sedentary behaviour
The parental questionnaire assessed screen-time behaviour by using (i) a closed-ended question about usual time watching TV, video and/or digital video disk per day (from now on called 'TV viewing') and (ii) a close-ended question about usual time using the computer and/or game console per day (from now on called 'computer use'), with separate answers given for weekdays and weekend days. For both questions, six response categories were provided and converted based on the scoring system as used for the OPC (see above): not at all = 0, <30 min = 1, <1 h = 2, 1-<2 h = 3, 2-3 h = 4 and >3 h = 5. Responses were weighted and summed across weekdays and weekend days as follows: [(weekday score × 5) + (weekend day score × 2)]. This resulted in a score ranging from 0 to 35 for TV viewing and computer use separately. The questions were taken and adapted from the Generation M-study, a nationally representative survey to assess children's media use in the USA (13) . Test-retest reliability in the IDEFICS study (n 421) was shown to be good for TV viewing during weekdays (ICC = 0·71) and weekend days (ICC = 0·66) and computer use during weekend days (ICC = 0·74), but not for computer use during weekdays (ICC = 0·49).
All PA and SB questions and their respective responses are described in Table 1 .
Accelerometry: physical activity and sedentary time Daily PA and sedentary time were objectively assessed using the ActiGraph TM and the ActiTrainer TM (Pensacola, FL, USA) uniaxial accelerometer. The accelerometers were initialized to save data over 15 s epochs because children †Overweight and obesity was defined by using the cut-off points from Cole et al. (31, 32) . ‡Average per day, weighted for weekdays and weekend days. §Weighted sum score for weekdays and weekend days. Physical activity and sedentary behaviour in children tend to perform spontaneous and intermittently short bouts of PA (9) . The accelerometer output was edited using a computer program in R (version R 2·9·0, R Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org) specifically developed for the IDEFICS project by the National Institute for Health Development (Estonia) and the University of Glasgow (UK). The program contains an algorithm to remove periods corresponding to sleep and any period containing 20 min or more of consecutive zero counts. To be included as a valid measurement day, the accelerometer was required to contain at least six hours of registered activities. A monitoring period of six hours or more has been shown to provide an acceptable reliability in young children (14) and is in line with other studies (15, 16) . Participants were included in the analyses only if they had three valid days of monitoring.
Counts per minute per day (cpm/d; average over all valid days) were calculated and for descriptive purposes dichotomized into 'low active' and 'high active' based on the median (587·96 cpm/d). Activity counts were classified as sedentary time (≤25/15 s), light PA (LPA; ≥26-573/15 s) and moderate-to-vigorous PA (MVPA; ≥574/15 s) according to cut-off points of Evenson et al. (17) . It is currently recommended to use the cut-off of 25 counts per 15 s to define sedentary time in toddlers, pre-schoolers and children (18, 19) . This cut-off is also used in large studies across Europe (20) and the USA (21) . To account for potential differences in wearing time, percentage of time (average over all valid days) spent in sedentary time, LPA and MVPA were used in the analyses.
Although the minimal criterion of six hours of wear time per day does not cover all waking hours, it provides acceptable reliable estimates of PA and sedentary time in young children if it is measured over at least three days (14, 22) . The criterion is also in line with other studies (15, 16) and valid wearing time of the included sample was longer in practice (mean 11·68 (SD 1·64) h/d).
Statistical analyses
The statistical software package IBM SPSS Statistics for Windows version 19 was used to obtain descriptive statistics and to study the characteristics of sub-sample participation. Descriptive statistics were computed for sociodemographic data and all behavioural measures and are reported as percentages or as means and standard deviations. In line with other research in the IDEFICS study (23, 24) , logistic regression analyses were used to investigate differences in sociodemographic data between the children who were included in the analyses and those who were not.
Multivariate regression analyses were conducted using MLwiN 2·16. Prior to analyses, all measures were checked for normal distribution. Parental-reported computer use was positively skewed and therefore logarithmically transformed (log 10 (1 + x) to deal with zero values). For the explanatory variables that were continuously reported by the parents, values above the 95th percentile were first removed to improve normality. Time participating in sports (min/d) remained positively skewed and was then logarithmically transformed (log 10 (1 + x)). For descriptive purposes, nontransformed data were reported.
Multilevel modelling (three level: children-schoolcountry with a random intercept at school level and country level) was applied to take clustering of children within schools and within countries into account. Multilevel regression models were used to examine the associations between parental-reported measures of PA and SB (explanatory variables) and accelerometer-derived PA and sedentary time (dependent variables). Preliminary analyses showed no moderating effect of gender and age (2-5-year-olds v. 6-9-year-olds) on the associations between parental-reported and accelerometer-derived measures. Multilevel regression analyses were therefore conducted in the total sample.
Gender, age and parental education (maximum of both parents as indicator for SES) were included as a first block of variables in the regression analyses to adjust subsequent analyses for these variables (i.e. the null model). Sports participation, OPC-derived outdoor play, OPRQ-derived outdoor play, TV viewing and computer use were then separately added to the model to investigate their independent association with the accelerometer-derived measures (i.e. five full models, one separate model for each parental-reported measure). To estimate between-pupil variance in accelerometer-derived measures explained by the parental-reported measures, the proportion of unexplained variance in the full models was compared with the null model. Stratification of all the analyses by country (seven groups) and age (six groups) revealed similar results to the total sample and are therefore not reported in the present paper. All two-sided statistical hypotheses were tested with a significance level of α = 0·05.
Results
Participants
Out of a random sub-sample of 9184 children who wore an accelerometer, 6202 provided valid accelerometer data (68 %). Reasons for loss of accelerometer data were technical malfunction of the device (n 27), other device settings (use of 60 s epoch in Italian children; n 1138) and noncompliance with the criteria for valid accelerometer data (n 1816). One hundred children with valid accelerometer data were excluded because they did not satisfy the minimal criteria to be included in the IDEFICS database (i.e. completion of the parental questionnaire and the measurement of height and weight). Another 120 children were excluded from the analyses because they did not have one measure of parental-reported PA or SB, resulting in a final sample of 5982 children (65 % of the initial sub-sample).
Comparison of sociodemographic data between children who satisfied the criteria to be included in the analyses (n 5982) and those who did not (n 10 243) revealed that children with parents with medium SES (v. low SES: OR = 1·38; 95 % CI 1·21, 1·57; v. high SES: OR = 1·21; 95 % CI 1·12, 1·31) and normal-weight children (v. overweight and obese children: OR = 1·16; 95 % CI 1·04, 1·28) were more likely to provide both accelerometer data and at least one parental-reported measure of PA or SB. No differences were found between boys and girls (OR = 1·03; 95 % CI 0·95, 1·11) or between 2-5-year-olds and 6-9-year-olds (OR = 1·08; 95 % CI 1·00, 1·16).
Sample characteristics of the final sample can be found in Table 1 .
Physical activity
Associations between parental-reported and accelerometerderived PA can be found in Table 2 . Higher daily sports participation was associated with more cpm/d (β = 14·95, SE = 3·71) and more accelerometer-derived MVPA/d (β = 0·38, SE = 0·07). Daily sports participation explained respectively 0·11 % and 0·65 % of between-pupil variance in cpm/d and accelerometer-derived MVPA/d. Daily sports participation was not associated with accelerometer-derived LPA/d (β = − 0·26, SE = 0·14).
More OPRQ-derived outdoor play was associated with more accelerometer-derived PA (cpm/d: β = 0·29, SE = 0·04; LPA/d: β = 0·006, SE = 0·001; MVPA/d: β = 0·005, SE = 0·001). OPRQ-derived outdoor play explained respectively 4·07 %, 1·98 % and 3·82 % of between-pupil variance in cpm/d, accelerometer-derived LPA/d and accelerometer-derived MVPA/d.
More OPC-derived outdoor play was also associated with more accelerometer-derived PA (cpm/d: β = 2·93, SE = 0·48; LPA/d: β = 0·08, SE = 0·02; MVPA/d: β = 0·05, SE = 0·01). OPC-derived outdoor play explained respectively 3·16 %, 0·80 % and 2·86 % of the between-pupil variance in cpm/d, accelerometer-derived LPA/d and accelerometer-derived MVPA/d.
Sedentary behaviour
Associations between parental-reported SB and accelerometer-derived sedentary time can be found Table 2 Multilevel associations between parental-reported and accelerometer-derived physical activity in 2-9-year-old children from seven 0·04  0·48  Random part  Country level  3269·25  1794·11  3006·38  1661·32  2767·65  1525·03  3340·17  1845·99  School level  2100·75  296·09  2295·13  326·96  1665·07  269·14  2293·18  340·50  Child level  21665·55  410·15  21642·40  433·97  20785·18  423·58  21008·96  488·63 LPA Country level  0·77  0·42  0·73  0·40  0·66  0·37  0·82  0·46  School level  0·47  0·08  0·51  0·09  0·38  0·08  0·54  0·09  Child level  7·64  0·14  7·59  0·15  7·35  0·15  7·43  0·16 IDEFICS, Identification and Prevention of Dietary and Lifestyle induced Health Effects in Children and Infants; SPORT, sports participation; OPRQ, Outdoor Playtime Recall Questions; OPC, Outdoor Playtime Checklist; σ 2 , variance; cpm, counts per minute; LPA, light physical activity; MVPA, moderate-to-vigorous physical activity; SES, socio-economic status. **P < 0·001.
†Only including the covariates (sex, age, SES). ‡Null model + sports participation as an explanatory variable. §Null model + OPRQ-derived outdoor play as an explanatory variable. ||Null model + OPC-derived outdoor play as an explanatory variable. ¶Controlled for sex of the child, age and SES (as defined by the highest parental education of both parents).
in Table 3 . More TV viewing and more computer use were both associated with more accelerometer-derived sedentary time (TV viewing: β = 0·05, SE = 0·02; computer use: β = 0·28, SE = 0·22). TV viewing explained 0·18 % and computer use explained 0·97 % of the between-pupil variance in accelerometer-derived sedentary time.
Discussion
The first aim of the present study was to investigate if context-specific measures of parental-reported outdoor play and sports participation are associated with objective measures of children's PA. Significant positive associations were found between parental-reported and accelerometerderived PA measures. However, very small regression coefficients were observed, indicating these associations to be weak. Also, the parental-reported measures explained only a minor part of the variance in accelerometerderived PA.
Burdette et al. (11) previously reported a positive and acceptable association between accelerometer-derived PA and OPC-derived outdoor play (r = 0·33) and between accelerometer-derived PA and OPRQ-derived outdoor play (r = 0·20) in 250 US pre-school children. Based on these results, the authors concluded that parental-reported outdoor play provides an acceptable surrogate of preschoolers' PA (11) . Somewhat unexpectedly, the present study was not able to confirm these conclusions in a European sample of 2-9-year-old children and suggests that parental-reported measures of outdoor play are not useful as a proxy for children's PA.
Although both outdoor play measures were significantly associated with objectively measured PA in the study of Burdette et al. (11) , they found OPC-derived outdoor play to be more promising than OPRQ-derived outdoor play.
Reasons for this were allocated to the very structured format of the OPC in which parents are prompted for time of the day, place and duration of the activity. Results of the present study do not confirm these findings by showing that the OPC and OPRQ provide comparable weak magnitudes and low proportions of explained variance in the association with accelerometer-derived PA. The success of the OPC in the study of Burdette et al. (11) was probably due to the fact that parents were asked to recall their children's outdoor play for specific and defined days in the past (i.e. the days on which the accelerometer was worn), while the procedure for the OPC used in the present study asked parents to recall children's usual activity.
Results from the present study do not justify the use of outdoor play measures and sports participation as a proxy of children's PA behaviour. This means that an objective measurement of PA such as accelerometry remains recommended when conducting observational or experimental studies in which it is important to assess PA at the individual level. However, results of the present study may not preclude the use of parental-reported PA measures. Survey measures of children's PA provide context-related information that may have a valuable contribution to objectively measured PA data in epidemiological and intervention-based PA research. However, to our knowledge, the field is still facing some challenges in terms of validity and reliability of context-related PA measures in children and we therefore believe that further development of these measures is urgently required.
A second aim of the present study was to investigate if TV viewing and computer use are associated with children's objectively measured sedentary time. Very weak associations were found between these parental-reported screen-time behaviours and daily time spent sedentary. These findings indicate that TV viewing and computer use are on average not good representations of an overall sedentary lifestyle in 2-9-year-olds. Focusing only on screen-time behaviours for the purpose of making conclusions about children's overall sedentary time might therefore be incorrect. To our knowledge, there are currently no studies available that have addressed this research question in 2-9-year-olds. However, our results are in line with studies in schoolchildren (25) , adolescents (26, 27) and adults (28) , where self-reported TV viewing time or total screen-time behaviour was weakly associated with objectively measured sedentary time. These consistent findings across different age groups indicate that survey measures of sedentary time are in need of further development in varying age groups. More specifically, valid and reliable questionnaires that assess a wide range of domain-specific sitting activities, rather than solely assessing screen-time behaviours, have to be developed to provide a contextual measure of SB. In the meantime, parental-reported measures of TV viewing and computer use should not be precluded from further research but should be used only to make conclusions about children's screen-time behaviour. This also implies that, depending on the aim of the study, researchers should cautiously consider whether they need a contextrelated (e.g. by means of questionnaires, inclinometers) or an objective measure of SB or a combination of both.
An important strength of the IDEFICS study is its large sample size across eight different European countries and its harmonized and standardized methodology to concurrently assess both objective and subjective measures of PA and SB. Furthermore, the present study is the first one to address this research gap in such a large sample of children. The limitations to consider are the use of cut-off points to categorize accelerometer data into minutes spent in different types of activities. Despite the currently ongoing discussion about the most appropriate cut-off point to use, we applied the Evenson cut-off points as recently suggested by Trost et al. (18, 19) and reported cpm/d, which enables comparison between studies. Another limitation is the fact that hip-mounted accelerometers are not able to discriminate between sitting and standing while a tight-mounted accelerometer such as the ActivPAL TM is able to provide posturerelated information (29) . Although there is some evidence that an accelerometer cut-off point of 100 cpm provides a good estimate of 8-12-year-old children's sitting time during school hours (30) , it may be possible that sedentary time measured in the present study does not only reflect the time children were being seated during the day. We also acknowledge that only a sub-sample of children wore an accelerometer, of which a relatively large number provided insufficient data, and that satisfying the inclusion criteria for our study was associated with sociodemographic characteristics of the children. Finally, not all questions used in the study were previously tested for their validity and reliability. However, it was the aim of the present study to add to the understanding of commonly used measures of which the validity is still unknown.
